1. Introduction
===============

Hepatitis B is an inflammatory liver disease caused by hepatitis B virus (HBV) infection.^\[[@R1],[@R2]\]^ The rate of HBV infection in China is high, with approximately 8% of the population affected;^\[[@R3]\]^ meanwhile, HBV infection cannot be completely eliminated during the course of the disease.^\[[@R4]\]^

Studies have revealed 2 types of T effector cells in humans and mice, namely Th1 and Th2 cells, which secrete different cytokines.^\[[@R5],[@R6]\]^ Th1 cells secrete mainly interleukin-2 (IL-2) and interferon-γ (IFN-γ), and are active in the immune responses against viral infections and intracellular bacterial infections.^\[[@R7]\]^ In contrast, Th2 cells mainly secrete IL-4, IL-5, IL-6, and IL-10, and participate in acute allergic reactions, regulating humoral immune responses.^\[[@R7]\]^ In the chronic stages of HBV infection, Th1 cells are defective and release only low levels of cytokines; therefore, Th2-type cytokines predominate.^\[[@R8],[@R9]\]^ As a result, the cellular immune functions targeting the HBV and helper B cell functions are very poor, and virus elimination is ineffective. IL-18, IL-12, and IFN-γ upregulate Th1 cell immune responses and inhibit Th2 immunity, while IL-4 and IL-10 have the opposite effects.^\[[@R10]--[@R15]\]^

The course of HBV infection is not only influenced by factors associated with the virus, but by the type of immune responses generated in the host.^\[[@R8],[@R9]\]^ The human leukocyte antigen (HLA)-DR and IL-18 genes are involved in immune responses, and play critical roles in the outcomes of HBV-infected patients; polymorphisms in those genes are associated with various disease outcomes.^\[[@R11],[@R14],[@R16]--[@R21]\]^

Recent evidence shows that the HLA-DR genes greatly affect host susceptibility to HBV infection.^\[[@R17]\]^ The effects of the HLA genotype on HBV infection chronicity could be associated with insufficient antiviral immune responses mediated by the critically protective T cells, and the fact that antigen-specific T cell receptors do not recognize antigenic peptides in the context of the HLA molecule.^\[[@R16]--[@R18]\]^ Nevertheless, whether the underlying mechanisms are associated with genotype-regulated expression of Th1/Th2 cytokines remains unclear. In addition to reports on HLA-DR, recent studies conducted on the IL-18 gene have shown that IL-18 gene polymorphisms are associated with susceptibility to chronic hepatitis B infection, as well as the severity of liver injury and incidence of liver cancer.^\[[@R20]--[@R22]\]^

Despite emerging studies revealing the roles of HLA-DR and IL-18 gene polymorphisms in HBV infection, the nature of such associations remains unclear. Therefore, this study aimed to assess the effects of immune responses on HBV elimination and to explore the associations of HLA-DRB1∗03 and IL-18 gene polymorphisms with viral load in HBV infection, as well as the underlying mechanisms.

2. Methods
==========

2.1. Patient population
-----------------------

The current study retrospectively reviewed data from patients between December 2006 and December 2015 at Xiangyang Central Hospital. The inclusion criteria were: diagnosis of CHB according to published criteria^\[[@R23]\]^ (HBV, \>1000 HBV copies/mL; patients with \<1000 HBV copies/mL were classified as controls); age\>18 years. The exclusion criteria were: other concomitant causes of liver disease or mixed etiologies (autoimmune hepatitis, primary biliary cirrhosis, alcoholic hepatitis, and so on); a family history of HCC; other concomitant malignant neoplasias; a history of autoimmune or inflammatory diseases such as systemic lupus erythematosus, rheumatoid arthritis, or inflammatory bowel disease; or incomplete records. The Ethics Committee of Xiangyang Central Hospital approved the study, and each participant provided a written informed consent.

2.2. Polymerase chain reaction-single specific primer (PCR-SSP)
---------------------------------------------------------------

Patients were genotyped using the PCR-SSP technique. Total DNA was extracted from peripheral blood leukocytes with the QIAamp DNA mini kit (QIAGEN Inc., Hilden, Germany), and stored at --20°C. PCR was carried out on a DNA Thermal Cycler (Gene Amp 9600; Perkin-Elmer Life Sciences, Waltham, MA). After agarose gel electrophoresis, the genotype of each patient was interpreted using the SSP-tool program (Dynal Biotech, Oslo, Norway). The PCR primers are described in Table [1](#T1){ref-type="table"}.

###### 

The primers and probes used in PCR and LDR-PCR.
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2.3. Ligase detection reaction-polymerase chain reaction (LDR-PCR)
------------------------------------------------------------------

LDR-PCR reactions were carried out according to the manufacturer\'s instructions (Takara, Otsu, Japan). Briefly, the LDR-PCR procedure was 30 cycles of 30 s at 94^o^C and 2 minutes at 60^o^C. Reactions were stopped by adding 0.5 μL of 0.5 mM EDTA. Aliquots of 2.5 μL of the reaction products were mixed with an equal volume of loading buffer (80% formamide, 10 mM EDTA, and 1.2% Blue dextran). The mixture was subjected to polyacrylamide gel electrophoresis (PAGE) under denaturing conditions. The sequences of the LDR-PCR probes are listed in Table [1](#T1){ref-type="table"}.

2.4. Sandwich enzyme-linked immunosorbent assay (ELISA)
-------------------------------------------------------

Sandwich ELISA was performed to measure the plasma concentrations of IL-18, IL-12, IFN-γ, IL-10, and IL-4, with ELISA kits specific to human IL-18, IL-12, IL-10, and IL-4 (Bender Medsystems Inc., Burlingame, CA), and human IFN-γ (R&D Systems, Minneapolis, MN), according to the manufacturers' instructions.

2.5. Flow cytometry
-------------------

Whole blood (1 mL) was mixed with 1 mL of either non-activating medium \[10% fetal calf serum (FCS)-supplemented RPMI 1640 with 4 μL/mL GolgiStop (BD Biosciences, Franklin Lake, NJ)\] or activating medium \[non-activating medium with 50 ng/mL phorbol myristate acetate (PMA) and 5 μg/mL ionomycin (BD Biosciences, Franklin Lake, NJ)\], and incubated at 37°C in an atmosphere with 5% CO~2~ for 5 hours. After washing with PBS, the cells were collected by centrifugation and adjusted to 5 × 10^5^ white blood cells per test, and stained with PECy5-labeled anti-human CD4 monoclonal antibody (BD Biosciences, Franklin Lake, NJ). Cell fixation and permeabilization were performed with FACSTM Perm 2 (BD Biosciences), according to the manufacturer\'s instructions. Intracellular cytokines were stained with FITC-labeled anti-human IFN-γ and PE-labeled anti-human IL-4 monoclonal antibodies (BD Biosciences). IFN-γ- and IL-4-producing CD4+ T cells were analyzed on a FACS Calibur (BD Biosciences). Nonspecific staining with an isotype-matched control monoclonal antibody was \<1%.

2.6. Statistical analysis
-------------------------

The distribution of demographic and clinical features was evaluated by 1-way ANOVA and the *χ*^*2*^ test for continuous and categorical variables, respectively. Agreement with the Hardy--Weinberg equilibrium (HWE) for each SNP was assessed by the goodness-of-fit *χ*^*2*^ test. Genotype frequencies were compared by the *χ*^*2*^ test and Fisher exact test, as appropriate. A binary logistic regression model was used to obtain the estimated odds ratios (ORs) and 95% confidence intervals (CIs) after adjusting for potential confounding variables. Two-tailed *P* \< .05 was considered statistically significant. All analyses were performed with the SPSS 13.0 software (SPSS Inc., Chicago, IL).

3. Results
==========

3.1. Population characteristics
-------------------------------

A total of 12 patients were excluded due to incomplete records as well as 1 patient for autoimmune hepatitis. Finally, 376 HBV patients (197 males and 179 females, 45.0 ± 11.1 years) and 254 healthy controls (138 males and 116 females, 43.5 ± 10.9 years) were included in the analysis (Fig. [1](#F1){ref-type="fig"}). Total bilirubin (TBIL), gamma-glutamyl transferase (GGT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), HBV DNA, IL-10, and IL-4 levels were significantly higher in patients with CHB compared with healthy controls (all *P* \< .001) (Table [2](#T2){ref-type="table"}). Th1/Th2 ratios, and IL-18, IL-12, and IFN-γ amounts were significantly lower in patients with CHB than in controls (all *P* \< .001) (Table [2](#T2){ref-type="table"}). There were no significant differences in age, BMI, gender, total proteins (TP), and albumin (ALB) between the 2 groups (Table [2](#T2){ref-type="table"}).

![Patient flowchart.](medi-97-e11249-g002){#F1}

###### 

Baseline characteristics of the study population.
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3.2. Distribution frequencies of HLA-DRB1∗03 and IL-18 promoter -137G/C gene polymorphisms in patients with CHB
---------------------------------------------------------------------------------------------------------------

The distribution frequencies of HLA-DRB1 and IL-18 promoter -137 alleles are shown in Table [3](#T3){ref-type="table"}. The allele frequency of HLA-DRB1∗03 in the chronic hepatitis B group (58.2%) was higher than that of the control group (42.1%), and there was a significant association between them (OR = 1.92, *P* = .001). The allele frequency of IL-18 promoter -137G in the chronic hepatitis B group (89.1%) was significantly higher than that of the control group (81.1%), with a significant association between them (OR = 1.90, *P* = .004). These data indicated that the distribution frequencies of HLA-DRB1∗03 and IL-18 promoter -137G/C gene polymorphisms were significantly associated with CHB.

###### 

Distribution frequencies of HLA-DRB1∗03 and IL-18 promoter --137G/C gene polymorphisms in CHB patients and healthy controls.
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3.3. Multivariate logistic regression analysis of HLA-DRB1∗03 and IL-18 promoter -137G/C gene polymorphisms in association with CHB
-----------------------------------------------------------------------------------------------------------------------------------

To perform the multivariate analysis of factors associated with CHB, variables with *P* \< .05 in univariate analyses were selected and entered into the logistic regression model. The variables remaining in the equation were HLA-DRB1∗03 and IL-18 promoter --137G/C gene polymorphisms, as well as Th1/Th2 (Table [4](#T4){ref-type="table"}). *P*-values (all *P* \< .003) and 95% CIs listed in Table [4](#T4){ref-type="table"} suggested associations of HLA-DRB1∗03 and IL-18 promoter --137G/C gene polymorphisms with Th1/Th2.

###### 

Multivariate logistic regression analysis of HLA-DRB1^∗^03 and IL-18 promoter --137G/C gene polymorphisms with CHB.
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3.4. HLA-DRB1∗03 and IL-18 promoter --137G/C gene polymorphisms are significantly and positively correlated with Th1/Th2
------------------------------------------------------------------------------------------------------------------------

Spearman\'s correlation analyses showed that HLA-DRB1∗03 and IL-18 promoter --137G/C gene polymorphisms were significantly and positively correlated with Th1/Th2 (r = 0.623, *P* \< .001; r = 0.610, *P* \< .001), meanwhile IL-18 promoter -137G/C gene polymorphisms were significantly and positively correlated with IL-18 expression (r = 0.695, *P* \< .001). No other significant correlations between the analyzed biomarkers were observed (Table [5](#T5){ref-type="table"}). These data strongly suggested that HLA-DRB1∗03 and IL-18 promoter -137G/C gene polymorphisms were associated with Th1/Th2, and they were clustered in the factor analysis, suggesting that these polymorphisms could influence the secretion of proinflammatory cytokines.

###### 

Spearman correlation analysis of the assessed biomarkers (n = 376).
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3.5. CD4+/CD8+ and Th1/Th2 ratios decrease with increasing HBV DNA replication
------------------------------------------------------------------------------

The patients were further sub-divided into 2 groups according to HBV DNA levels, including the high (n = 216) and low (n = 160) groups. As shown in Table [6](#T6){ref-type="table"}, CD4+/CD8+ ratios were elevated in patients with low HBV DNA levels compared with those with high HBV DNA amounts (*P* = .005); the same trend was observed for Th1/Th2 ratios.

###### 

CD4+/CD8+ and Th1/Th2 ratios in subgroups with low- and high HBV DNA levels.
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4. Discussion
=============

The present study showed that polymorphisms in the HLA-DRB1∗03 and IL-18 genes are associated with viral load in HBV. These polymorphisms can influence the secretion of proinflammatory cytokines, probably affecting the course of the disease.

Indeed, HBV elimination by the human body is mainly dependent on viral activity, the host immune response, and genetic diversity.^\[[@R24]\]^ Non-specific immune cells and cytokines play important roles in HBV elimination by regulating the Th1/Th2 balance and the type of immune response.^\[[@R25]--[@R28]\]^ It is believed that the genetic background of patients with HBV infection is associated with the polymorphisms of cytokine genes involved in the immune response to HBV infection.^\[[@R29]\]^ Previous studies have demonstrated the existence of single nucleotide polymorphisms at position --137 of the IL-18 gene promoter.^\[[@R19],[@R30]--[@R33]\]^ Furthermore, the HLA complex is highly polymorphic and considered the most complex genetic system identified so far, and participates in immune responses. Indeed, HLA plays a very important role in antigen recognition and presentation, immune response, and immune regulation.^\[[@R16]\]^ Thursz et al^\[[@R18]\]^ investigated HLA-II gene polymorphisms in patients infected with HBV and found that the frequency of HLA-DRB1∗1302 is significantly higher in self-restricted HBV infections than in chronic HBV infections. These observations suggest that the HLA-DRB1∗1302 genotype could be associated with a greater ability to eliminate the virus after infection. In the present study, the HLA-DRB1∗03 polymorphism was associated with chronic HBV infection, corroborating previous studies.^\[[@R17],[@R18]\]^

As shown above, chronic hepatitis B was associated with polymorphisms at position --137 in the IL-18 gene promoter. IL-18 is a unique cytokine that enhances innate immunity and the Th1 cell immune response.^\[[@R34]\]^ During HBV infection, the HBx protein induces IL-18 expression in the liver, and is associated with liver damage induced by enhanced FasL expression.^\[[@R35]\]^ IL-18 also increases IFN-γ release from peripheral blood mononuclear cells in chronic hepatitis B patients, and improves the clearance of infected cells. The present study showed that plasma IL-18 levels in patients with chronic hepatitis B and healthy controls were significantly lower in individuals carrying the GG genotype compared with those harboring the C allele. Furthermore, IL-18 levels in patients with chronic hepatitis B were also lower than in healthy controls, which further confirmed that the position --137 of the IL-18 gene is a functional domain, and that the --137 G/C polymorphism may affect the expression of the IL-18 protein. These findings provide additional evidence for the influence of host genetic diversity on the immune response to HBV infection.^\[[@R36]\]^

Cytokine profiles produced by T cells largely determine the immune response; stimulation by antigen exposure causes T-helper lymphocytes to differentiate into 2 distinct phenotypes, Th1 and Th2.^\[[@R37]\]^ Acute HBV infection mainly stimulates the cellular immune response, while non-specific cytokines involved in the humoral immune response play important roles in chronic HBV infection.^\[[@R38]--[@R42]\]^ In addition, the mechanisms involved in HBV infection chronicity are associated with Th1/Th2 cell imbalance. The present study showed that compared with healthy individuals, HLA-DR expression and T cell proliferative capacity were significantly lower in patients with chronic HBV. Furthermore, the results showed that IL-18, IL-12, and IFN-γ expression levels were significantly higher in HLA-DRB1∗03-negative patients with chronic hepatitis B compared with HLA-DRB1∗03-positive patients, while IL-4 and IL-10 amounts were significantly lower. These observations suggest that the Th1 response in HLA-DRB1∗03-positive patients with chronic hepatitis B is suppressed, allowing the Th2 response to dominate, which could initiate and induce progression to chronic HBV infection. Accordingly, in the present study, the Th1 cell response was relatively high in patients not carrying the HLA-DRB1∗03 allele, suggesting that the HLA-DRB1∗03 allele could affect the response of CD4+ T cells. This study also showed that CD4+ T cells in hepatitis B patients were significantly less abundant than in controls, while CD8+ T cells were significantly more abundant. These effects of HLA-DRB1∗03 probably affect HBV chronicity. The decreased production of CD4+ T cells could result in insufficient antigen-specific secretion, causing incomplete elimination of the virus and affecting the viability of CD8+ T cells.^\[[@R39]\]^ CD8+ T cells are potent immune effector cells; increased CD8+ T cell counts are associated with improved capability of virus elimination.^\[[@R43]\]^ Chronic hepatitis B patients exhibit various degrees of cellular immune response dysfunction; the high viral load caused by increased viral replication can induce immune tolerance, affect the functions of CD4+ and CD8+ T cells, and result in an inadequate immune response.^\[[@R43],[@R44]\]^ Since the effects of CD4+ T cells are HLA-II restricted, it can be speculated that the mechanism underlying this effect involves the inability of antigen-specific T cell receptors to recognize antigen peptides in the context of the HLA molecule, which affects immune recognition, response, and tolerance to the HBV antigen. Nevertheless, additional studies are necessary to test this hypothesis.

The present study was not without limitations. The number of subjects was relatively small and from a single institution, possibly introducing some biases. What\'s more, only a limited panel of inflammatory markers and polymorphisms were assessed. Additional studies are necessary to determine the factors leading to HBV chronic infection. Finally, subgroup analysis was performed between low and high HBV DNA load groups only for CD4+/CD8+ and Th1/Th2 ratios in this study. Further subgroup analyses should be performed in future studies for other parameters assessed in this work, especially HLA and IL-18 gene polymorphisms.

5. Conclusion
=============

In summary, the dynamic changes in IL-18 and Th1/Th2 cytokine expression, as well as in the CD4+/CD8+ ratio suggest alterations in the immune function of patients with HBV chronic infection. It can be hypothesized that such indexes can be used in assessing and monitoring the immune status of patients with HBV infection, which could provide more effective treatments for hepatitis B patients.
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